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ABSTRACT 



Disclosed is a system and method for supplying power to 
multiple devices using a single voltage regulator. The 
present invention includes a comparator that compares the 
voltage identification codes from multiple devices in a 
system. If all the devices have the same value for the voltage 
identification code, then the comparator forwards the code to 
a voltage identification input of a programmable voltage 
regulator, which then outputs a power supply voltage at a 
level corresponding to the voltage identification code value 
of the devices. If any device present in the system has a 
different value for its voltage identification code, then the 
comparator outputs a predetermined value to the program- 
mable voltage regulator that prevents the voltage regulator 
fi'om outputting a power supply voltage. 

9 Claims, 4 Drawing Sheets 
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METHOD FOR SHARED VOLTAGE different from a value of the second voltage identification 

REGULATION WITH MULTIPUl DEVICES signal. The comparator is further configured to forward the 

value of the first voltage identification signal to the output of 

FIELD OF INVENTION the comparator responsive to when the value of the first 

. . i.j- 5 voltage identification signal matches the value of the second 

The present invention relates to power supply to devices. i^ *j *-c *• • i -n. * i • i j 

-c 11 1 . * *u . . i , ^ J voltage identification signal. The systeoa also includes a 

More specifically, it relates to the provision of a regulated ^ ui i . u • c . • . 

, ^ . ^ , . * programmable voltage regulator havmg a first power input 

power supply to multiple devices, such as microprocessors. c - i j 

^ ' ^ for receivmg a first power supply voltage, a second power 

BACKGROUND OF THE INVENTION ^V^^ for receiving a second power supply voltage, a voltage 

10 control input coupled to the output of the comparator, and a 

Microprocessors typically require a regulated voltage power supply output for outputting a power supply voltage 

supply having a particular voltage level FIG. 1 is a simpU- to the first and second devices. The programmable voltage 

fied block diagram of a system 100 having a microprocessor regulator is configured to output a voltage level at the power 

110 and a voltage regulator 150 that provides a power supply supply output responsive to a voltage control signal received 
voltage to the microprocessor. 15 at the voltage control input. The voltage regulator will 

Microprocessor 110 is an example of a processor having produce one of a predetermined power supply voltage level 

a voltage identification VID signal 112 that specifies the when it receives the predetermined value and a power 

operating voltage of the processor. Vbltage regulator 150 supply voltage level corresponding to the value of the first 

receives the VID signal 112 and outputs a supply voltage voltage identification signal. 

VCC 152 to processor 110. Voltage regulator 150 is con- 20 The foregoing and other features and advantages of a 
nected to a input voltage VIN and a ground voltage VSS preferred embodiment of the present invention will be more 
from which it produces the supply voltage VCC at the level readily apparent from the following detailed description, 
specified by the VID signal. which proceeds with references to the accompanying draw- 
Different types of processors can have different supply ings. 
voltage requirements_ Even differeat parts of the same 25 ^^^^ DESCRIFnON OF THE DRAWINGS 
processor can have dinerent voltage requirements, such as a 

supply voltage required for a processor core and another Preferred embodiments of the present invention are 

vohage required for a level 2 cache. The supply voltage of described with reference to the following drawings, 

a processor may be changed by a manufacturer for a variety wherein: 

of reasons, such as to optimize performance, increase pro- FIG. 1 is a block diagram illustrating an example of a 

duction yields, and reduce power consumption. conventional processor and voltage regulator system; 

In addition, it is desirable to design a single board, such FIG. 2 is a block diagram of an embodiment of a multiple 

as a motherboard, to accept many different processors. Thus, processor architecture according to the present invention; 

it is important that voltage regulators be designed to provide pjc. 3 is a logic diagram of one embodiment of the 

the voltage level specified by the VXD signal 112 of the comparator circuit of FIG. 2; and 

processor 110. See VRM 8.3 DC^C Converter Design pjQ 4 is a flow diagram illustrating another embodiment 

Guidelines, Order No. 243870-002, and Pentium® Proces- comparator of FIG 2 
sor Flexible Motherboard Design Guidelines, Order No. 

243187, Intel Corp., Santa Clara, Calif. Voltage regulators DETAILED DESCRIPTION OF PREFERRED 

have been developed that have a digitally programmable EMBODIMENTS 

output voltage that can be controlled by the VID signal of a ^^^^^^^ invention is directed toward a system and 

processor. See the LTC1553 5-bit Programmable Synchro- ^^^^^^ supplying vohage to multiple processors using a 

nous Switching Regulator Controller for Pentium II ^^^y^ ^^jtage regulator. In the present invention, the VID 

Processor, Linear Technology Corp., Milpitas, Calif., ^-^^^^ q ^^^^ multiple processors is routed to a 

www.Unear-tech.com- comparator that compares the value of the VID signals. If the 

In multiprocessor systems, each processor typicaUy comparator determines that all the processors have the 

requires its own voltage regulator. Each voltage regulator identical VID signal value, then the comparator forwards the 

provides the supply voltage specified by the VID signal of VID signal value to a vohage regulator which then supplies 
its corresponding processor. However, this increases the jg power to all the processors. If the VID signals are not 

number of chips required in the muhiprocessor design, identical, then the comparator prevents the vohage regulator 

Therefore, the need remains for a way to reduce the number from supplying power to the processors, 

of voltage regulators needed for a muhiprocessor system. present invention takes advantage of the observation 

SUMMARY OF THE INVENTION ^^""^^ ^""^ ^ processor board is shipped, the VID signals of 

bUMMAKY Ut^ irtbiiNVtrNUurN processors rarely change. Thus, a common voltage 

In accordance with preferred embodiments of the present regulator can be used to provide a common power supply for 

invention, some of the problems associated with supplying muUiple processors of the same type. If a processor having 

a regulated voltage to multiple processors are overcome. a different VID signal value is introduced to a processor 

An embodiment of a system for supplying power to board that already includes processors, then the comparator 
multiple devices, according to the present invention, 60 will prevent damage to the processors in the board, 

includes a comparator having a first input for receiving a first FIG. 2 illustrates a simplified multiple processor archi- 

voltage identification signal from a first device, a second lecture 200 according to the present invention. Micropro- 

input for receiving a second voltage identification signal cessors 210 and 220 in architecnire 200 are similar to 

from a second device, and an output for outputting a voltage microprocessor 110 of FIG. 1. Microprocessor 210 outputs 
control signal. The comparator is configured to generate a 65 a first VID signal VIDl on cormection 212 to comparator 

predetermined value at the output of the comparator respon- 240. Microprocessor 220 outputs a second VID signal VID2 

sive to a value of the first voltage identification signal being on connection 222 to comparator 240. 
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Comparator 240 compares the values of VIDl and VID2 212 and VID2 signal 222 less one, i.e. the highest order bit 

and, if the values are identical, forwards the identical value of VIDl and VID2. 

of VIDl and VID2 as VID signal 242 to voltage regulator Then, at step 360, the VIDl:i bit is compared to the 

250. If the values of VIDl and VID2 are not identical, then VID2:i bit. If the values of the bits are not the same, then 

comparator 240 outputs a value for VID signal 242 that 5 control branches to step 364 where the value "11111" is 

disables voltage regulator 250 or controls another circuit, output to regulator 250. If the values of the bits are the same, 

such as a switch or buffer, that is capable of disabling voltage then control flow branches to step 370 to determine whether 

regulator 250. ^^^^ °f VIDl and VID2 signals have been 

--rt Ml . . ^ir^r^ 1 1. compared. If this is not the least significant bit of the VIDl 

\bltage regulator 250 wiU output a VCC supply voltage K^^^ signals, then i is decremented at step 372 and 

252 that IS determined by the value of the VID signal 242 lo ^^^^^^j ^^^^^ ^ ^^^^^ ^-^ 

from comparator 240. For example the Intel Pentium II if i=o at step 370, then all the bits of VIDl and VID2 have 

?^°^n^'u*'^\' ^""'"^'^ 't^'f^T^.'^i^' been compared and are identical. The value of VIDl is 
VIDO-4, that the processor outputs. The VRM 8.3 DC-DC therefore output to regulator 250 at step 374 and the corn- 
Converter Design Guidehnes set forth a table that descnbes parison process 350 is complete at step 378. 
the relationship between a supply voltage level provided by 15 ^^^.^.^^ embodiments illustrated above, the 
a regulator and the VID received by the regulator. Thus, if ^^^^^^ invention can be adapted to work on a circuit board 
voltage regulator 250 receives a value of "11010", for VID4, ^j. q^^^^j. circuit where a second processor is optionally 
VID3, VID2, VIDl and VIDO, respectively, for VID signal present, i.e. an empty socket that can accept another pro- 
242, then the regulator will output 2,5 volts for VCC. cessor. When only one processor is present, the VID signal 
However, if comparator 240 outputs "11111" for VID signal 20 ^^^i driven with the VID of the first processor instead of 
242, then regulator 250 will output 0 volts for VCC, the "11111" code, which requires minimal modification of 

FIG. 3 is a block diagram illustrating an embodiment of the embodiments above, 

comparator 240. A first XNOR gate 261 receives a first bit Also, the present invention can be used in an electronic 

of VIDl signal 212, VID1:0, at a first input and a first bit of system that contains multiple subsystems diat arc designed 

VID2 signal 222, VID2:0, at a second input. XNOR gate 261 with the capability for generating a voltage identification 

will output a logical 1 only if both VID1:0 and VID2:0 have signal that indicates the power supply requirements for each 

the same logical value. XNOR gates 262, 263, 264 and 265 subsystem. While the present invention is described above in 

similarly compare the second, third, fourth and fifth bits of °^ "^f'^^^ processors, the present mvention can 

the VIDl and VID2 signals. The outputs of XNOR gates be apphcd to other modular structures. 

261-265 are input to AND gate 270. Thus, the output of ^° It should be understood that the programs, processes. 

AND gate 270 will be logical 1 only when aU of the bits of ^' systems and apparatus descnbed herein are not 

.1. »7T?M J Tjii-v-> -1 .1. related or limited to any particular type of computer appa- 

the VIDl and VID2 signals match. , ,l j / x i • j- . j .t • 

° ratus (hardware or software), unless indicated otherwise. 

nie output of AND gate 270 is coupled to a control y^^^^^ (yj^^ g^^^^j p^^^^^ specialized computer 

termmal of multiplexor (MUX) 280 through OR gate 284. apparatus may be used with or perform operations in accor- 

OR gate 284 ako receives the output of inverter gate 282. ^^^^ teachings described herein. In view of (he 

Inverter gate 282 is driven by a PROCESSOR 2 PRESENT ^^^^ „f embodiments to which the principles of the 

signal that indicates whether processor 220 is present. This iny^ntion can be applied, it should be understood that the 

signal is typically available firam a microprocessor to mdi- aiustrated embodiments are exemplary only, and should not 

cate whether the chip is in place in the circuit when there is ^ ^ taken as limiting the scope of the present invention. For 

Z^F^'Z^^ processor socket. If the PROCESSOR 2 fl^^ be taken in 

PRESENT signal is inactive, then processor 220 is not sequences other than those described, and more or fewer 

present, the output of mverter gate 282 .s driven high „^ components may be used in the block diagrams, 

thereby drivmg the output of OR gate 284 high and selecung ,„ ajjitjo present invention can be practiced with 

^^itj^'^'^y PROCESSOR 2 ^3 ^ft^,„_ baniwaJe. or a combination thereof. The claims 

PRESENT signal is active then the output of mverter gate j^ould not be read as limited to the described order or 

282 IS low and OR gate 284 will pass the value of the output elements unless stated to that effect. Therefore, all embodi- 

of AND gate 270 to the control terminal of MUX 280. ^„ts that come within the scope and spirit of the foUowing 

When the output of AND gate 270 is driven high, i.e. claims and equivalents thereto are claimed as the invention, 

logical 1, then the output of OR gate 284 is forced high and We claim: 

VIDl signal 212 connected to a first input of MUX 280 is i . a system for supplying power to multiple devices, the 

passed through to an output of MUX 280 which drives the system including: 

VID signal 242, As a result, the identical value of the VIDl ^ comparator having a first input for receiving a first 

signal 212 and VID2 signal 222 is output to regulator 250 voltage identification signal from a first device, a 

which generates a correspondmg voltage level for VCC 252. 55 second input for receiving a second voltage identifica- 

When the output of AND gate 270 is logical 0, then the tion signal from a second device, and an output for 

values of VIDl and VID2 are not identical and a value of outputting a voltage control signal, where the compara- 

"11111" input to a second input of MUX 280 is passed to the tor is configured to generate a predetermined value at 

output of MUX 280 and onto VID signal line 242. Thus, the output of the comparator responsive to a value of 

when the values of VIDl and VID2 are not identical, then 50 the first voltage identification signal being different 

the value "11111" is output to regulator 250 in order to from a value of the second voltage identification signal, 

inhibit power up of processors 210 and 220. and where the comparator is further configured to 

FIG. 4 is a flow diagram illustrating the operational flow forward the value of the first voltage identification 

350of another embodiment of comparator 240. Control flow signal to the output of the comparator responsive to 

enters at step 352 when input voltage VIN is introduced to 65 when the value of the first voUage identification signal 

the architecture 200 of FIG. 2. Comparator 240 first initial- matches the value of the second voltage identification 

izes i at step 354 to the number of bits of the VIDl signal signal; and 
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a programmable voltage regulator having a first power 
input for receiving a first power supply voltage, a 
second power input for receiving a second power 
supply voltage, a voltage control input coupled to the 
output of the comparator, and a power supply output for 5 
outputting a power supply voltage to the first and 
second devices, the programmable voltage regulator 
being configured to output a voltage level at the power 
supply output responsive to a voltage control signal 
received at the voltage control input, where the voltage id 
regulator will produce one of a predetermined power 
supply voltage level when it receives the predetermined 
value and a power supply voltage level corresponding 
to the value of the first voltage identification signal. 

2. The system of claim 1, where the comparator further 15 
comprises: 

a finite series of XNOR logic gates, each XNOR logic 
gate having first and second inputs and an output, 
where the first input of each XNOR logic gate is for 
receiving a corresponding bit of the first voltage iden- 
tification signal and the second input of each XNOR 
logic gate is for receiving a corresponding bit of the 
second voltage identification signal; 

an AND logic gate having a finite series of inputs and an 
output, where each input of the AND logic gate is 
coupled to the output of a corresponding one of the 
finite series of XNOR logic gates; and 

a multiplexor having first and second inputs, a control 
input and an output, where the first input is for receiv- 
ing the first voltage identification signal, the second 
input is for receiving the predetermined value, the 
control input of the multiplexor is coupled to the output 
of the AND logic gate, and the output of the multi- 
plexor is coupled to the voltage control input of the 
comparator. 

3. The system of claim 2, where the comparator further 
includes an OR gate having first and second inputs and an 
output, the OR gate being interposed the control input of the 
multiplexor and the output of the AND gate such that the 
first input of the OR gate is coupled to the output of the AND 
gate and the output of the OR gate is coupled to the control 
input of the multiplexor, and where the second input of the 
OR gate is for receiving a device present signal that will 
have a logic high value when the second device is not 
present. 

4. The system of claim 1, where the comparator is further 
configured to: 

compare each bit of the first voltage identification signal 
to a corresponding bit of the second voltage identifi- 5q 
cation system; 

generate the predetermined value at the output of the 
comparator if any bit of the first voltage identification 
signal does not match the corresponding bit of the 
second voltage identification system; and 55 

generate the first voltage identification signal at the output 
of the comparator if every bit of the first voltage 



identification signal matches the corresponding bit of 
the second voltage identification system. 

5. The system of claim 1, where the first and second 
devices are processors. 

6. A method for providing a power supply voltage to 
multiple devices, the method comprising the steps: 

receiving a first voltage identification signal from a first 
device; 

receiving a second voltage identification signal from a 
second device; 

comparing a value of the first voltage identification signal 
to a value of the second voltage identification signal; 

generating a voltage control signal having a predeter- 
mined value when the value of the first voltage iden- 
tification signal does not match the value of the second 
voltage identification signal; 

forwarding the value of the first voltage identification 
signal as the voltage control signal when the value of 
the first voltage identification signal does match the 
value of the second voltage identification signal; 

outputting a power supply voltage to the first and second 
devices responsive to the voltage control signal when 
the voltage control signal is the value of the first voltage 
identification signal, where a voltage level of the power 
supply voltage corresponds to the value of the first 
voltage identification signal; and 

blocking the power supply voltage to the first and second 
devices when the voltage control signal is the prede- 
termined value. 

7. The method of claim 6, further including the step of 
detecting that the second device is not present and, respon- 
sive thereto, forwarding the value of the first voltage iden- 
tification signal as the voltage control signal. 

8. A system for controlling voltage to multiple devices, 
the system comprising: 

means for receiving a first voltage identification signal 
from a first device; 

means for receiving a second voltage identification signal 
from a second device; 

means for comparing the first and second voltage identi- 
fication signals; 

means for providing a power supply voltage to the first 
and second devices, where a voltage level of the power 
supply voltage corresponds to a value of the first 
voltage identification signal when the value of the first 
voltage identification signal matches a value of the 
second voltage identification signal; and 

means for blocking the power supply voltage to the first 
and second devices when the value of the first voltage 
identification signal does not match the value of the 
second voltage identification signal. 

9. The system of claim 8, where the first and second 
devices are processors. 
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